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TRANSFORMERS 


e Transformers are used to: 

* 1- Change the voltage magnitude at the same 
frequency. 

e 2- Change current magnitudes, at the same 
frequency. 

e 3- Change apparent impedance, as used for 
impedance matching. 


e 4- Isolate dc current from ac current, as in 
electronic circuits. 


Construction 


e Two or more windings of suitable number of 
turns, made from either copper or aluminum 
conductors, isolated from each other. 

e [гоп core made of thin laminations of high 
magnetic quality steel in order to increase the 
mutual magnetic flux between transformer 
windings. 

e Tank or case in which these components are 
placed. 





* In order to increase the mutual coupling 
between transformer windings, and to 
decrease leakage flux, transformer windings 
are placed as close as possible to each other 
as shown. 
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Ideal transformer 


* /ron core is made of magnetic material of 
infinite permeability. So its core reluctance is 
zero. 


* No leakage flux. So all primary flux links all 
secondary winding. 

* No losses. No core losses, and no copper 
losses. 


Voltage equations 


Ac voltage connected to the primary, will 
establish a sinusoidal flux in transformer that 
links both windings. So 


A, — N] and A9 — N- 
d d d 
e,(t) = yA Ny ur and e,(t) — № er 
es (t) E 
е) №, 
This shows that transformer changes voltage in 
direct proportion to the turns ratio. 
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Primary winding, 
N turns 





Current relations 


Since iron core reluctance is zero, then 
F = R.Q — N,.1, — N. 15 — () 
Then А = 2 

L? N4 
This shows that transformers change current 
in inverse proportion to turns ratio. That is to 
say that currents are changed in reverse of 
change of voltages. 
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EXAMPLE ' For the 1ron-core transformer of Fig. 21.5: 





FIG. 21.5 
Example 21.2. 


a. Find the maximum flux P,- 


Solutions: 
a. E, = 444N,f®,, 


- "2 E, Е 200 Y 
Therefore. m адд Naf — (4.44950 tW60 Hz) 
- d, = 15.02 mWb 


A, pits u (50 102400 V) 
Er 200 V 
= 600 turns 


Therefore, N. = 





Impedance relations 


° From previous relations, and from figure 
shown, the apparent impedance as seen at the 
primary winding is: 








N 4.V2 

° 7, nm ) = (ay Z2 

— ; — fN2i2N — - 
п CR) WM 

e That shows that transformers change 

impedance in proportion to turns ratio 


squared. 





(a) 





(c) 


Transformer types 





Air-core Iron-core Variable-core 


FIG. 21.36 
Transformer symbols. 


EXAMIPLE E For the iron-core transformer of Fig. 21.6: 


ignitude of the current in the primary 
voltage across the primary. 


b. Find the input resistance of the transformer. 





and the impressed 





PB 


Г, N, 
LX 
Га. М Eada (0.1 A) = 12.5 mA 
rn UU 


V, = LZ; = (0.1 AX2 kM) = 200 V 
Fz Np 


Also. — = 
V; 


= = 


N, 
Vo = м2 — | i ооо V) = 1600 V 


£y ш (ву (2 ki) = Ay = 178 ki) 


Power transfer 


For the ideal transformer shown, the output 
power IS P; — Vs. l- W 
The input power is P, = V.h w 


Since V4 = > V, and I, = 2.1, 
2 1 
Then Р; — E V): D^ р) — Vs. I. — P; 


So ideal e transfer power with no 
losses. 


Actual transformers 


The departure of actual transformers from the ideal 
one appears in the following: 

The magnetic material of the core posses certain 
reluctance. This will result in: 

A- Excitation current must flow in the primary winding. 
B- Core losses take place, and current must flow to 
furnish these losses. 

There is leakage flux in both primary, and secondary 
windings. This will result in voltage drop in these 
windings proportional to these leakage fluxes. 
Transformer windings posses certain resistances. These 
will result in both copper losses, and voltage drop. 


Actual transformer at no-load 


If the primary winding is connected to a 
sinusoidal voltage source, while its secondary 
winding is left open, then: 

1- The magnetic flux established will be sinusoidal 
too, with peak value given by: 


a. b 
Ppeak = 4 44FN. 


2- Induced voltage in secondary is: 


N 
E> — "EE volts 


e 3- Current flowing in primary side is small, and 
consist of two components { 1, , I}, as shown 
earlier. 


e 4- Then transformer can be represented by an 
equivalent circuit as: 


№ 





Ideal 


* Circuit equations are: 


к= A, Im = x A 


° Core losses are: P. = Elo соѕ0. = E, I. A 


° No-load current ly = [5 + A 


i R 
* 0. = tan (T = tan ЕСЕ 
С 


m 








Actual transformer at load 


When actual transformer is loaded, a current 
will flow through the secondary to the load, 
This current will result in: 


1- leakage flux in the secondary winding that 
will result in voltage drop {jl X>}. 


2- Resistance voltage drop (I; R>}. 
Then the internal induced voltage E, is: 
E) = V; + L,(R; + jX2) 








On the primary side, the primary current I, has to: 
1- Balance the MMF established by secondary 
current l. As ЫМ, — I, L 

2- Establish the resultant core flux by the 
resultant primary no-load current I, 

Then I} — Lo + I; 

This resultant primary current will result in 
leakage flux, and so voltage drop due to this flux 


{jl,X,}. Also a resistance voltage drop will result 
I 1. 





° The supply voltage pressed across the primary 
winding is given by: 
"V = E, +h(Rı + jX) 


peri 








(a)Physical arrangement 





(b) Equivalent circuit 


e So the combined equivalent circuit of practical 
transformer Is: 





Ideal 


e Referring this equivalent circuit to primary side, 
we get 


hXmn 

















Example 1 


A 50-kVA 2400:240-V 60-Hz distribution transformer has a leakage impedance of 0.72 + 
j0.92 © in the high-voltage winding and 0.0070 + 70.0090 © in the low-voltage winding. At 
rated voltage and frequency, the impedance Z, of the shunt branch (equal to the impedance of 
R. and jX,, in parallel) accounting for the exciting current is 6.32 € 743.7 $2 when viewed 
from the low-voltage side. Draw the equivalent circuit referred to (a) the high-voltage side and 
(b) the low-voltage side, and label the impedances numerically. 


Solution 


° Ву referring the circuit to the primary voltage 
side, we get: 





Z, = 0.72 + j0.92 Z; = 0.70 + 70.90 
2 Y 100 — JÜL 1 pe 
a er] i C 
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(а) 


* Now referring the circuit parameters to the 
secondary side, we get 


0.0070 + 10.0090 


0.0072 + j0.0092 Z, 


Zi 





‚ J 43.7 


6.32 


nu. AAA л 


+ m H 
u 77-3 


Transformer ratings 


Transformer ratings depend upon the following: 
1- Voltages, which primary and secondary 
windings can withstand without insulation 
breakdown or excessive deterioration. These 
voltages are known as the rated primary and 
secondary voltages. 

2- Currents that can flow in primary and 
secondary windings without excessive over- 
heating. 


° These currents are known as the rated primary 
and secondary currents. These currents 
depend upon type of conductor, and method 
of cooling. 

° 3- The rated apparent power of transformer is 
obtained by multiplying the rated voltage by 
the rated current. 


> 5, — И. — Vs. l- VA 








By referring the equivalent circuit to one side 
of the transformer, we get: 
S 


Г. = у = 120 A 
E= V+ l'4(R52*jX52) V 
LE A .In= an A 


L = Г, + lo A 

İp = İç + Im A 

V, = E, + I.(Rı + jX) V 

These equations can be represented in a phase 
diagram as shown: 


From this diagram, we get: 
Output power P, : Ps —V'4.1'3.cos0; W 
Input power P, : P, = V,,1, cos, W 


efficiency : 
n= — x 100 % 


a losses : 

Р, — Р; — P; W 

Voltage regulation of transformer is defined 
as: 

ç = = p.u 


Draw phase diagram. 


Approximate equivalent circuit 


The iron core of transformer is usually made of 
magnetic material of good magnetic quality, so 
the excitation current that will flow at rated 
transformer voltages is very small { 1-5% of I eu} 
as compared to rated current of transformer. 

Also the iron core losses are proportional to the 
flux density, which is dependent upon transformer 
voltage. Usually transformer voltage is nearly 
constant. 


e Then iron core losses can be considered 
constant, independent of loading of 
transformer. So the first approximation is to 
move the shunt to either the supply side or 
load side. 


i = к А = Х = | 
İş Req Ri + Ry eq Xi ği Reg = Ry + Az X. = Xt + Xz, 


ia ° : 
i — | — UL „ — { 
qi Es T 


° This approximation allows the combination of 
primary and secondary impedances together. 


N 2 
` Zieg = 21 + > (Z>) Ohms 
N 2 
` Zaog = Za + N (Z,) Ohms 
° Where: 


*L¡=Ri+JA%4s , 24352 К +] АХ, 


e The second approximation is to neglect the 
excitation current effect as compared to full 
load current of transformer. This is done by 
removing the shunt branch from the 
equivalent circuit as shown. 





e The third approximation that is usually done 
during calculation of short circuit currents. 
This approximation is based upon the fact that 
the winding’s resistance is very small as 
compared to winding’s leakage reactance. 





Example 


* A 100 KVA, 11/2.2 KV, 60 Hz single phase 
transformer has the following equivalent 
circuit parameters referred to HV side as: 


e р, =61 X, = 31.2 Q 

р. = 7.2 X, = 31.2 Q 

e R- = 124 X, = 57.7 КО 

° If transformer supplies full load, at 0.8 lag p.f 
and rated voltage, find: 


e 1- Using exact equivalent circuit, find: 1- 
excitation current. 2- Primary supply current. 
3- Input power. 

* 2- Using approximate equivalent circuit, 
repeat section 1. 

e 3- compare results obtained in 1 and 2. 


Solution 


Using exact equivalent circuit: 

V’,=1120 V 

1", = = £- s-10.8 = 97 - 36.87 A 
The shunt branch voltage: 
ER=V,+1,(Z,) 

E, = 11220.2 + j 185.62 = 11221.7420.95 
So currents through shunt branch are: 








I. =%=0.0940.95 A 
Rc 


I, = = = 0.198 2- 89.05 A 

lo = L + Im = 0.21752 — 64.6 A 
Now supply current í primary current} is: 
L = I+ IT, = 9.1927 2-37.5 A 
Supply { primary} voltage is: 

Vi = E + h(Rı + jX1) 

V, = 11445.5 21.89 V 


The input power is: 
Р, — Vi. E. COS 0. Ө; — 1.89 — (—37.5) 


Now using approximate equivalent circuit, 
with shunt branch removed to supply side, 
then: 


Z1eg = 63.8 277.960 
ү; — V T I' 5. (Ziea ) 
V, = 11438.98 41.89 V 


The shunt branch currents are: 
Vi 


l; = = = 0.092221.89 A 
I, = "XC = 0.19964 — 88.11 A 


Í| Ra=RıtR X. =X +X, 


+ vs pu 


The supply { primary} current: 

L = I+ I, = 9.197 Z – 37.48 A 
The input power: 

P, = 81.329 kw 


Note: Transformer parameters V,,1,, P, found 
using approximate equivalent circuit are very 
close to those found using exact equivalent 
circuit. So approximate equivalent circuit is 
usually used in transformer analysis. 


Example 


For the previous example calculate the % 
voltage regulation. 


Solution: 


d V fload 
1- Using exact circuit then: 
11445.5—11000 


ë = ———— x 100 = 4.05 96 
11000 


Vno load-V оаа 


x100 96 


* Using approximate equivalent circuit: 
TI 114789811000 100 = 3 99 % 
11000 
* Note that voltage regulation obtained using 
approximate equivalent circuit is very close to 
that obtained from exact equivalent circuit. 


Example 


° A single phase transformer 50 KVA, 2400/240 
V 60 Hz has the approximate equivalent 
circuit shown below with Z,, = 1.42+j1.82 ohm. 
The transformer is supplied through a feeder 
whose impedance is Z, = 0.30 + j1.36 Ohms. If 
the supply voltage is 2400 V, while the 
transformer supplies its full-load current, at 
0.8 lag. Pf. Find the secondary load voltage, 
input, and output power. 


e With all parameters referred to H.V side, we 
get: 


° 1 оаа = 50x10? / 2400 = 20.8 A 


e With V, as reference, the angle of current is 


И oe! EN: pF, lag 


+ 0.30 + j1.60 1424/182. | 


ў, = 2400 V P, 
| 


° Vď = |V,|20 , L = 20.8 2 — 36.87 A 
° Drawing the phase diagram, we get: 





* With V. = 2400 V, the load voltage V, can be 
found using trigonometric analysis as: 


Ob = A / А = (be) and у» = Ob — ab 
bc = [X соб — IRsm8 ab—iIKcoso--IXsın6 
bc = 20.8(3.42)(0.80) — 20.8(1.72) (0.60) = 35.5 V 
ab = 20.8(1.72)(0.80) + 20.5(3.42)(0.60) = 71.4 V 


Substitution of numerical values shows that V; = 2329 V, referred to the high-voltage 


V, = 233 V 


The output power P, is: 

P, = 50x 0.8 = 40 KW 

The input power Р, is: 

P, = P, + (I, P .(0.3 + 1.4) = 40.735 KW 


Transformer parameters by test 


The main transformer parameters are: 
1- The equivalent circuit. 

2- Transformer losses. 

3- Transformer voltage regulation. 


There are two experiments that can be done 
on transformer to obtain all previous 
parameters. These experiments are: 


No load test, and short circuit test. 


No-load test 


e With one side of the transformer left open, while 
the other side is supplied by variable ac voltage 
until rated voltage is applied across its terminals, 
then we note that: 


e The current taken by the transformer is very small 
as compared to its rated current { less than 5% of 
rated current}. 


e Then the copper losses produced by this current is 
very small, and so all input power is consumed as 
core losses. 


e Also the leakage flux produced by this current 
is very small too, and so the voltage drop in 
the primary side is small and can be neglected. 


e Then the measured input power at rated 
voltage is equal to the iron core losses of the 
transformer. 


* Also the equivalent circuit at no-load is as 
shown. 
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° The parameters of the equivalent circuit is: 


y? V 
R. = — 7,,| = — 
=P ә = Z= 

1 

X — 


m — 


y O/IZ D? — (1/ Ro)“ 





Ideal 


| | 





Short circuit test 


e With one side of the transformer short circuited, 
while the other side is supplied by a very low 
voriable ac voltage, change the supply voltage 
slowly until rated current flows through the 
transformer. Measure the input power and supply 
voltage. Then we note that: 

* 1- The applied voltage needed to circulate rated 
current through transformer is very small { less 
than 5 % of rated current}. So the core flux is also 
very small, and the excitation current needed can 
be neglected. 


e Also the corresponding core losses are very 
small, and all input power can be assumed to 
be consumed as winding copper losses inside 
the transformer. 


e Then the apparent equivalent circuit is as 


shown. 
- Ag = 


a g 

tse R +R, Aut Ay 
C | И 
+ 


0 R. 





° The equivalent circuit parameters are as 
shown: 


V se 
| Zen | = | sc] = x 


P 
GL 


X eg =Ag = LY) IZscl* — Ri 


Combined equivalent circuit 


* By combining the equivalent circuits obtained 
from previous two tests, we get the overall 
equivalent circuit of transformer. 


Example 


A 12 KVA, 230/400 V, 50 Hz single phase 
transformer gave the following data: 


No-load test: 230 V, 2A, 120 W. 
Short-circuit test: 25 V, 25 A, 80 W Find: 
1- Equivalent circuit referred to 400 V side. 
2- Efficiency at full load, 0.8 lag. Pf 

3- Efficiency at 50% load, 0.8 lag. Pf 


Solution 


From transformer ratings, we calculate the 
transformer rated current on both sides as: 


3 3 
= 12x10 — 304 ‚I, E 12x10 — 5217 A 
400 230 


From no-load test: 








Po = V lo cos Po 


120 | | Е 
rei 0.26 sin фо = 0.96 


The excitation current components are: 





COS фо = 


1. = Ío cos фо = 0.52 A 
Ly = losin фо = 1.93 А 
Тһеп: 


В. = = 44230, Х = 521190 


Now refer this circuit to 400 V side as: 


2 
R'. = (=) x442.3 = 1337.80 
230 


X m = 3600 
From short-circuit test: 





Psc — 
Req = 72 = 0.128 0 


25 
ө Ze = 2 = 2 = 10 


Xeg = |22, — R2 eq =0.99 Q 


The combined equivalent circuit is: 


ШЦ = — 
» m —- 
Hu Fs E 


+ 
^, x Ñ 


Copper losses at full-load is: 
Pcuf 1 — I^ e i. Reg — 30^x0.128 - 145.2W 


The transformer efficiency is: 


o output power 


input power 
output 


output+core losses copper losses 


12x0.9x1000 
= ee = 0,97 = 97% 
12х0.8х1000+120+145.2 


At 50% loading: 


0.5x12000x0.8 


= — _— = 96.85 
" 0.5x12000x0.8+120+0.52x145.2 a 


Voltage regulation 


* We can obtain an approximate equation for 
voltage regulation using the approximate 
equivalent circuit of transformer as: 

e With all parameters referred to one side of 
transformer, the following phase diagram can 
be obtained: 


x _ dV's-V'2| | ab 
$ = WI oa 
= (Re, cos 0 + IX,,sin6)/V ри 





° In general, we can obtain the following 
equation: 


. Ë= (Кед cos es sin 0) x100 % 


e (+) for lagging power factor. 
e (-) for leading power factor. 
e Also transformer efficiency can be written as: 


x100 % 


А = nS, cos O 
Ú, nS, cos 09 +Po+n2pcu 


° Where: 


S = rated power of transformer VA 

P = full load copper losses of transformer W 
P = core losses of transformer W 

Cos à = load power factor. 


Example: for the previous example calculate the 
transformer voltage regulation at full load and 
half load, and 0.8 lag. p.f. 

A: at full load: 


. а = 30(0.128х0.8+0.99х0.6) 


400 
В: at half load: 


. č _ lop - 261% 


x100 = 5.22 % 


° Maximum efficiency of transformer occurs 
when the transformer copper losses are 
exactly equal to iron core losses. This occurs at 
a loading ratio n given by: 

Po 


e n= |— р.и 


Pou 


Home work #4 


* Auto-transformer: 


e In normal two winding transformers, the 
windings are electrically isolated from each other, 
while they are mutually coupled by the coupling 
magnetic flux. Power can flow from one side to 


the other only through this coupling magnetic 
flux. 


° In auto-transformers there is а direct electrical 
connection between transformer windings. 


e So in auto-transformers, power can flow by 
the coupling magnetic flux as well as through 
the direct electrical connection. 


e Auto-transformers are more efficient, smaller 
in size, and cost less than an equivalent two 
winding transformer of the same rating. 


e On the other hand auto-transformers has 
smaller leakage reactance, and larger fault 
current can occur as compared to normal two 
winding transformer of the same rating. 





Figure 28: Autotransformer - Physical Arrangement 
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Figure 29: Two Winding Transformer used as auto transformer 


Advantages of Auto-transformer 


It effects a saving in winding material (copper 
or aluminum), since the secondary winding is 
part of the primary current. 

Lower copper loss, therefore efficiency is 
higher than in the two winding transformer. 
Lower leakage reactances, lower exciting 
current. 


Variable output voltage can be obtained. 


Disadvantages of Auto-Iransformer 


e There is a direct connection between the 
primary and secondary sides. 

e Should an open-circuit develop between points 
b and c, the full mains voltage would be 
applied to the secondary. 

e The short-circuit current is much larger than 
for normal two-winding transformer 


Application of Auto-transformer 


e Boosting or bucking of a supply voltage by a small 
amount. (The smaller difference voltage between 
the output and input voltages the greater is the 
saving of winding material.) 


e Starting of a.c. machines, e.g. induction motor, 
where the voltage is raised in two or more steps 
from a small value to the full supply voltage. 

e Continuously variable а.с. supply voltages, 
normally connected between a low voltage supply 
in and a high voltage supply out. 


e Production of very high voltages, e.g. 275kV and 
400kV grid system 


Example 


A ig, 100 kVA, 2000/200 V two-winding transformer is 
connected as an autotransformer as shown in Fig. E2.6 such 
that more than 2200 V is obtained at the secondary. The 
portion ab is the 200 V winding, and the portion bc is the 
2200 V winding. Compute the kVA rating as an 
autotransform r Блп А 


The current rating of the winding are: 
. 100000 
^ 200 
. 100000 
* 2.000 


— 5004 





—504 





Therefore, for full-load operation of the 
autotransformer, the terminal currents are: 


I, — 5004 
І, =500+50=5504 


Now, 
Therefore, 
kvaj = 2009x350 _ 1100 (ans) 
1000 


kVA === 21100 (ans) 


Note: A 16, 100 kVA, two-winding transformer when 
connected as an autotransformer can deliver 1100 kVA. 


Example 


A 450-kVA, 460-V:7.97-kV transformer has an efficiency of 97.8 percent when supplying а 
rated load of unity power factor. If it is connected as a 7.97:8.43-kV autotransformer, calculate 
its rated terminal currents, rated KVA, and efficiency when supplying a unity-power-factor load, 


e The auto-transformer 








e Connection is as shown. ce 
460 V 


e The rated two winding 
h Vu- 8.43 KV 


e Transformer currents are: + 
V, : 7.93 KV 


i, = = 5646 A 


ELI 450x10? = 
ig = —— = 978.26 A 


Supply current i; = ií +1, = 1034.72 A 
Rating as an auto-transformer is: 

Sy = Vi, = 0246.71 KVA 

Losses as a two winding transformer is: 


losses = 5,.pf. Ë — 1) — 10.122 kw 


Losses as an auto-transformer are the same as 
that of the two winding transformer, then 


* Efficiency of auto-transformer is: 
8246.71 

A 8246.71+10.122 x100 = 99.81% 

° Note that the rating of the same single phase 
transformer when connected as an auto- 
transformer has been largely increased 
without over-loading of any of its windings. 
Only the insulation of the 460 v winding is to 
be increased to withstand the high voltage to 
ground impressed on it. 





Transformers in three phase systems 


Transformers in three phase systems can be 
either: 

1- Three single phase units of equal ratings, and 
equal rated voltages connected together to form 
three phase bank. In this case: 

The total rating of the bank is equal to three 
times the rating of each single phase unit. 

While the rated line voltages on each side of the 
bank depends upon type of connection used. 


* If turns ratio of each single phase transformer 
IS: 

ы! 

№ 


e (] = 


e Then for the most common types of 
connections used in three phase systems, we 
got the following relations: 


I—- | 3 —d 
43 al —— —— at/i3 


V3 


T ar 


VW 3 a V 





(a) Y-A connection (b) A-Y connection 


al —— 





(c) A-A connection (d) Y-Y connection 


Figure 2.19 Common three-phase transformer connections; the transformer windings 
are indicated by the heavy lines. 


Method of analysis 


e Assuming a balanced three phase system, 
operating at steady state conditions, then a 
per-phase analysis method can be used. That 
is by taking one phase of the y-connected side, 
and performing all analysis on it. The other 
phases will be similar to this phase except the 
phase difference that exists between these 
phases. This can be done as: 


e 1- For y-y, y-Aand A-y connections refer all 
circuit parameters to the y-side. 

° 2- For A-A connections, replace them by an 
equivalent y-y connection. Where: 


1 
° Ly = = ZA 


Example 


e Three single phase transformers each one is 
50 К\А, 2400/240 М The equivalent 
impedance of each transformer referred to its 
2400 side is 1.42 +j1.82 Ohms. The three 
transformers are connected y-A to form a 
three phase 150 KVA bank. The bank is 
connected to 4160 V supply through a feeder 
whose impedance is 0.15 +j 1.0 Ohms. The 
bank supplies its rated load, at 0.8 lagging p.f 
LO 


Load through a feeder whose impedance is 
0.0005 +j 0.002 Ohms. Determine the load 
voltage. 


Solution: 
Refer all parameters to the y- connected side, 
such that per-phase analysis can be done: 


Zep = (2) (0.0005 + j0.002) = 0.15 


+ (0.60 


Take the rated load per-phase voltage as 
reference, then: 


ү = |V| 20 ‚I, = 20.82 — 36.67 A 
The total impedance up to the supply is: 
Z, = Zip t Zu +2 pon = 1.72 +j 3.42 Ohms 


The magnitude of the supply phase voltage is 
2400 V. 


Then using the phase diagram, we get: 





From the phasor diagram 
Ob = 4/V? —(bcj and V= Ob — ab 
Note that 
bc = IX cos@ — IRsın$ ар = IRcos8 + IX sine 
where R and X are the combined resistance and reactance, respectively. Thus 
bc = 20.8(3.42)(0.80) — 20.8(1.72)(0.60) = 35.5 V 
ab = 20.8(1.72)(0.80) + 20.8(3.42)(0.60) = 71.4 V 


Substitution of numerical values shows that V; = 2329 V, referred to the high-voltage 
side. The actual voltage at the secondary terminals is 2329/10, or 


Example 


The three transformers of Example 2.8 are reconnected A-A and supplied with power through 
a 2400-V (line-to-line) three-phase feeder whose reactance 15 0,80 £2/phase. At its sending 
end, the feeder 1s connected to the secondary terminals of a three-phase Y- A-connected trans- 
former whose rating is 500 KVA, 24 kV:2400 V (line-to-line). The equivalent series impedance 
of the sending-end transformer 15 0.17 + (0.92 S2/phase referred to the 2400-V side. The 
voltage applied to the primary terminals of the sending-end transformer is 24.0 kV line- 
to-line, 

A three-phase short circuit occurs at the 240- V terminals of the receiving-end transformers. 
Compute the steady-state short-circuit current in the 2400-V feeder phase wires, in the primary 
and secondary windings of the receiving-end transformers, and at the 240-V terminals. 


The computations will be made on an equivalent line-to-neutral basis with all quantities referred 
to the 2400-V feeder. The source voltage then is 


2400 
v3 


= 1385 V line-to-neutral 


° Change the  delta/delta transformer to 
equivalent star/star as: 


1.42 + j1.82 


Leg = Ка + Ј Ха = 3 


= 0.47 + j0.61 Q/phase 


The total series impedance to the short circuit is then the sum of this impedance. 


fio = (0.47 + 50.61) + (0.17 + 70.92) + j0.80 = 0.64 + 72.33 £2/phase 


The magnitude of the phase current in the 2400-V feeder can now simply be calculated 


as the line-neutral voltage divided by the series impedance 


e The short circuit current is: 


| 1385 
Current in 2400-V feeder = — = 572 А 
2.42 
the winding current in the 2400-V winding of the receiving-end 
transformer is equal to the phase current divided by 4/3 or 


Current in 2400- V windings = ate = 330A 


WE 


while the current in the 240-V windings 15 10 times this value 


Current in 240-V windings = 10 x 330 = 3300 A 


* At the load side: 
the phase current at the 240-V terminals into 
the short circuit 1s given by 


Current at the 240-V terminals = 330043 = 5720 A 


Note of course that this same result could have been computed simply by recognizing that the 
turns ratio of the A-A transformer bank is equal to 10:1 and hence, under balanced-three-phase 
conditions, the phase current on the low voltage side will be 10 times that on the high-voltage 
side, 
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Xeq 


= X, + X; 


Reg = Ry + Ro 


X, = X, + X, 
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Solution 





